Introduction {#s1}
============

Malignant myeloma/plasma cell myelomas are monoclonal proliferations of terminally differentiated B lymphocytes and are generally associated with circulating monoclonal immunoglobulin \[[@R01]\]. IgG kappa is the most common immunoglobulin type in myelomas \[[@R02], [@R03]\]. Serum protein electrophoresis (SPEP), serum protein immunofixation electrophoresis (SIFE) and corresponding urine protein analyses (UPEP and UIFE) are the gold standards for diagnosis of monoclonal gammopathy \[[@R04], [@R05]\]. Bone marrow examination is usually carried out for definitive diagnosis. Serum free light chain assay (SFLCA) has been advocated as an adjunct but its usefulness has been questioned \[[@R03], [@R06], [@R07]\].

Treatment with newer chemotherapeutics, namely, bortezomib and thalidomide congeners, has improved survival \[[@R08], [@R9]\]. Myeloma patients often receive autologous stem cell transplants (ASCTs) following chemotherapy. About 60%, and probably more, of the patients who receive ASCT develop an oligoclonal pattern or abnormal bands, following treatment \[[@R10]-[@R12]\]. The oligoclonal band(s) complicate the interpretation of SPEP/SIFE and SFLCA. We have chosen to use the term oligoclonal band, even when only one band may be noted, and are not in favor of using the term "abnormal" band, as the proteins are not abnormal. IgG kappa oligoclonal bands are the usual prominent "abnormal" bands and IgG kappa is also the most common immunoglobulin type of myelomas. Thus, for proper identification of stringent complete response and to avoid unnecessary treatment, it is imperative that we distinguish an oligoclonal band as not a residual or recurrent tumor, even though it is of the same immunoglobulin type as the initial malignant clone \[[@R13]\].

As reported in the results of a retrospective study, recording the location of the original monoclonal peak facilitates the identification of oligoclonal bands that may appear in a different area of the SPEP/SIFE results \[[@R13]\]. We also reported the use of recording the location of the peak as a tool in ensuring specimen integrity, a form of delta check for specimen mislabeling \[[@R14]\].

Here we report the prospective identification of an oligoclonal band of the same immunoglobulin type as the primary malignant clone.

Methods {#s2}
=======

SPEP was performed by agarose gel electrophoresis using Helena SPIFE 3000 system. Quantitative evaluation for the usual proteins and any M-proteins was performed by scanning the gel at 595 nm on an EDC densitometer \[[@R03], [@R07], [@R13]\]. If the monoclonal protein overlapped a normal protein band, the concentration of the combined peak was reported. SFLCA was performed on Siemens ADVIA 2400 instrument, using Freelite kits and reagents from The Binding Site \[[@R06], [@R13]\].

A patient with known IgG kappa myeloma was treated with chemotherapy and ASCT. The diagnostic serum sample SPEP/SIFE result was recorded as showing an IgG kappa monoclonal spike at the anodal end of gamma region, partially overlapping the complement, or C3, band. A follow-up specimen 4 months post-ASCT showed a monoclonal IgG kappa band in the mid-gamma region, and was identified as being different from the primary malignant spike due to its location being different than that of the primary spike. The primary spike was no longer detectable in the specimen by SIFE. The information was reported in the electronic medical record, and the attending physician was notified of the interpretation by e-mail. A subsequent SPEP/SIFE, 2 months later, showed the same mid-gamma IgG kappa spike at a higher concentration, now with an additional IgG kappa band cathodal to the mid-gamma band.

In addition to the SPEP/SIFE results, the results for UPEP/UIFE, SFLCA, immunoglobulin quantifications and bone marrow examination were evaluated at the three time points in the course of this patient.

Results {#s3}
=======

The patient, a 70-year-old male, was referred to our institution with a diagnosis of symptomatic multiple myeloma that evolved from MGUS, diagnosed 20 years earlier. At presentation to our institution, the findings included: a monoclonal IgG kappa spike of 2.19 g/dL, hemoglobin 11.5 g/dL, creatinine 1.23 mg/dL, albumin 3.4 g/dL, calcium 8.1 mg/dL, IgG 2,631 mg/dL, IgA 25 mg/dL, IgM 17 mg/dL, serum free kappa chain 9.25 mg/L, serum free lambda chain 0.71 mg/L and κ/λ ratio of 13.03. Bone marrow examination revealed 20% plasma cells with kappa chain restriction. Other illnesses included arthritis, type 2 diabetes mellitus, hypertension, hyperuricemia, hypothyroidism, with history of deep vein thrombosis and prostatic adenocarcinoma. Following chemotherapy, the patient received ASCT in December 2016, and follow-up SPEP/SIFE and other tests were done in April 2017 and June 2017.

The original SPEP/SIFE results are shown in [Figure 1](#F1){ref-type="fig"}. A prominent IgG kappa band at the anodal end of gamma region was noted, partially overlapping the C3 band. The post-ASCT specimen SPEP/SIFE results are shown in [Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. In April 2017, no evidence of original malignant clone in the anodic gamma regions was discernible on electrophoreses. A low level IgG kappa band (0.25 g/dL) was obvious in the mid-gamma region.

![SPEP and SIFE in November 2016. A prominent monoclonal band is present at the beta-gamma interface on SPEP, which typed as IgG kappa on SIFE. The background immunoglobulins are markedly suppressed.](jocmr-09-826-g001){#F1}

![SPEP and SIFE in April 2017. The original malignant IgG kappa clone is absent on both SPEP and SIFE. A faint (0.25 g/dL) IgG kappa band is present in the mid-gamma region, clearly in a different location than the original malignant spike seen in [Figure 1](#F1){ref-type="fig"}. Background immunoglobulins are more abundant than those in [Figure 1](#F1){ref-type="fig"}.](jocmr-09-826-g002){#F2}

![SPEP and SIFE in June 2017. The original malignant clone is still absent in both SPEP and SIFE. The mid-gamma IgG kappa band, first noted in April is present at a higher concentration (0.38 g/dL) and an additional, cathodal IgG kappa band is noted at a concentration of about 0.12 g/dL. The second lower concentration band is more readily discernible in the densitometric scan, shown in [Figure 4](#F4){ref-type="fig"}.](jocmr-09-826-g003){#F3}

The SPEP/SIFE results in June 2017 revealed the mid-gamma IgG kappa band at a higher concentration. In addition, a new cathodal IgG kappa band was also identified ([Figs. 3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}). These findings suggest a good response to treatment with oligoclonal bands of the same immunoglobulin type as the original malignant clone, but in clearly different locations than the anodic malignant clone. The results of the SPEP/SIFE, UPEP/UIFE, serum free light chains, and immunoglobulin levels are shown in [Table 1](#T1){ref-type="table"}.

![Densitometric scan of SPEP from [Figure 3](#F3){ref-type="fig"} shows the two spikes in gamma region, both of which typed as IgG kappa and constituted about 0.38 and 0.12 g/dL. The higher concentration peak is more anodal to the lower concentration one. The other, normal, peaks are: 1 = albumin; 2 = alpha 1 globulin; 3 = alpha 2 globulin; 4 = beta 1 globulin; 5 = beta 2 globulin; 6 = gamma globulins.](jocmr-09-826-g004){#F4}

###### SPEP/SIFE Data Over Three Tests

  Date            Malignant spike   Oligoclonal band   Second oligoclonal band   Immunoglobulin level mg/dL   UPEP/UIFE   Serum free light chain assay results                             
  --------------- ----------------- ------------------ ------------------------- ---------------------------- ----------- -------------------------------------- ----------- ------ ------ -------
  November 2016   2.19 g/dL         0                  0                         25                           2,631       17                                     IgG kappa   9.25   0.71   13.03
  March 2017      0                 0.25 g/dL          0                         29                           994         65                                     IgG kappa   4.84   2.19   2.21
  June 2017       0                 0.38 g/dL          0.12 g/dL                 51                           1,124       46                                     NA          4.7    3.01   1.56

The initial malignant clone disappeared, while an oligoclonal pattern developed, in the following two SPEPs. A second oligoclonal band is also noted on the third SPEP. The κ/λ ratio is kappa dominant in the first two samples, but is in the normal range in the June 2017 sample.

Discussion {#s4}
==========

New chemotherapeutics have improved survival of plasma cell myeloma patients \[[@R08], [@R9]\]. Following chemotherapy, many patients are administered ASCTs. Despite prolongation of progression-free survival, however, the positive impact of ASCT in improving overall survival is controversial and actual survival may not be improved by ASCT \[[@R10]-[@R20]\].

ASCT often induces the development of oligoclonal bands, and the latter may interfere with the recognition of a recurrent malignant immunoglobulin spike. In the search for a cure, recognition of minimal residual disease is important as implied by the persistence or recurrence of a malignant immunoglobulin protein. Since almost all patients relapse despite chemotherapy and ASCT, it could be assumed that almost all patients have undetected minimal residual disease, and the lack of detectable monoclonal spike on SPEP/SIFE does not exclude residual disease \[[@R20]\]. Various methods, including flow cytometry of bone marrow, liquid biopsy of peripheral blood plasma cells, molecular analysis of bone marrow cells, and mass spectrometric analysis of immunoglobulins, are being used or investigated to ascertain residual or minimal residual disease \[[@R16], [@R21]\].

In this report, we emphasize that recording the location of the malignant immunoglobulin peak facilitated prospective identification of a non-malignant oligoclonal band. Such restricted heterogeneity bands are common in post-ASCT patients \[[@R13]\]. Recognizing the location of the new "band" as being different from that of the malignant spike, despite the oligoclonal band being of the same immunoglobulin type as the initial malignant clone, allows one to determine it as representing regenerative, benign immunoglobulin rather than recurrence or persistence of a malignant clone. The development of a second oligoclonal band, further cathodal to the mid-gamma band provides additional supports to our hypothesis that the mid-gamma band is a response to the bone marrow reconstitution following ASCT. The increase in background IgG levels without any evidence of recurrence of the malignant clone further supports this argument. This is further supported by the return of the κ/λ ratio to neutral or normal range in the third sample.

While the location of the new mid-gamma band, in a different location than the initial malignant clone, is strongly suggestive of a benign oligoclonal response, it does not rule out the development of a second malignant clone. Definitive recognition of this band as an oligoclonal band would require disappearance of this band on subsequent samples. However, the development of a second band, further cathodal to the first, mid-gamma oligoclonal band supports its prospective identification as a normal regenerative response, and not a second or third malignant clone.

The results of SFLCAs warrant a comment. In November 2016, with a more than 2.0 g monoclonal IgG kappa, the κ/λ ratio was kappa dominant as expected. Despite the lack of a detectable monoclonal spike and lack of residual myeloma in the bone marrow, the κ/λ ratio remained kappa dominant in April 2017. The abnormal κ/λ ratio was in all likelihood due to the IgG kappa oligoclonal band skewing the ratio in favor of kappa. The SFLCA result in the June 2017 sample being in normal range further supports the interpretation of the April SFLCA as being "false positive" κ/λ ratio.

As we have documented earlier, κ/λ ratio is an unreliable indicator of monoclonal gammopathy \[[@R03], [@R07]\]. An abnormal κ/λ ratio is not diagnostic of monoclonal gammopathy, and a normal ratio does not exclude monoclonal gammopathy. Moreover, there appears to be a systematic under-estimation of lambda light chains by, at least, The Binding Site assay \[[@R03]\]. We propose that an abnormal κ/λ ratio should not preclude the determination of stringent complete response, if all other parameters are met, as the abnormal ratio may be due to a benign, regenerative oligoclonal band of the same immunoglobulin type as the malignant clone. Recording the location of the monoclonal band, and comparing the locations of the malignant spike and a putative oligoclonal band should be carried out systematically.

Conclusions {#s4a}
-----------

1\) Recording the location of the malignant monoclonal immunoglobulin spike may allow prospective recognition of benign, regenerative, oligoclonal bands of the same immunoglobulin type as the malignant clone.

2\) An abnormal κ/λ ratio, *per se*, should not exclude a stringent complete response in a patient with ASCT who may have an oligoclonal response that may be skewing the κ/λ ratio, without implying the existence of malignant immunoglobulin.
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